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[57)] ABSTRACT

An encoder in which a light beam emitted from a semi-
conductor laser or the like is applied to a diffraction
grating from a predetermined direction which 1s not
contained in a reference plane defined by direction of
relative movement of the diffraction grating and a di-
rection normal to'the diffraction grating. A diffracted
light created from the diffraction grating by the applica-
tion of the light beam by the light applying means is
reflected by re-entering means and the reflected light 1s
caused to re-enter the diffraction grating at substantially
the same position as the position at which the diffracted
light is created. At this time, an interference light

formed by the other re-diffracted lights than O-order
light created from the diffraction grating substantially

in the same direction as the predetermined direction by
the re-entrance of the diffracted light by the re-entering

means is detected, and the information of the relative
displacement of the light beam and the diffraction grat-
ing is obtained from a variation in the intensity of the

interference light.

26 Claims, 4 Drawing Sheets
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ENCODER INCORPORATING A DISPLACEABLE
DIFFRACTION GRATING

BACKGROUND OF THE INVENTION

1. Field of the Invention
This invention relates to an encoder such as a linear

encoder or a rotary encoder for causing a light beam to
enter a displaceable diffraction grating a plurality of
times, and optically detecting any variation in a inten-
sity of an interference light formed thereby, thereby
detecting the displaced state such as the amount of
displacement or the direction of displacement of the
diffraction grating.

2.Description of the Related Background Art

In recent years, in precision machines such as NC
machine tools and semiconductor printing apparatuses,
there has been required a precise measuring machine
which can measure the driving state and movement in
units of 1 um or less (submicron). As a measuring ma-
chine which can accomplish measurement in submicron
units, there is well known an encoder such as a rotary
encoder or a linear encoder for causing a coherent light

beam such as a laser beam to enter a diffraction grating
formed on a moving object, causing diffracted lights of
predetermined orders created from the diffraction grat-

ing to interfere with each other, counting the light and
dark of the interference fringes and thereby finding a
displaced state such as the amount of displacement or
the direction of displacement of the moving object. For
example, such rotary encoder is generally used in such
a system that the number of revolutions of a motor is
judged from the output of the encoder mounted on the
rotary shaft of the motor and the driving of the motor 13
controlled on the basis thereof.

The applicant proposed such encoders, for example,
in Japanese Laid-Open Patent Application No.
58-191907, Japanese Laid-Open Patent Application No.
62-163926, Japanese Laid-Open Patent Application No.
62-163924 and Japanese Laid-Open Patent Application
No 62-200225.

Generally, in an encoder for forming interference
fringes by the utilization of diffracted lights of predeter-
mined orders created from a diffraction grating con-
nected to a moving object, counting the light and dark
stripes of the interference fringes by detecting means,
i.e., detecting any phase variation in the interference
fringes, and thereby detecting the displaced state of the

moving object, it is sometimes the case that regular 50

reflected light (0-order reflected diffracted light), when
a coherent light beam is caused to enter the diffraction
grating, enters the detecting means through various
elements of the device.

The regular reflected light at this time does not cause
any phase variation even if the diffraction grating 1s
displaced, and is an unnecessary light that is unneces-
sary for the detecting means. If this unnecessary light
enters the detecting means, there will arise a problem
that it will become a flare light (a ghost light) and will
reduce the S/N ratio of the output signal of the detect-
ing means and thus, will reduce measurement accuracy.

In contrast, there is a method of preventing the inci-
dence of the regular reflected light onto the detecting
means by the use of a polarizing beam splitter and a
wavelength plate, i.e., by the use of the construction of
a so-called light isolator, but even if this method 1s used,
it has been very difficult to completely prevent the
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regular reflected light from entering the detecting
means.

SUMMARY OF THE INVENTION

The present invention has as its object the provision

of an encoder in which by appropriately setting the
direction of incidence of a coherent light beam onto a

diffraction grating provided on a moving object, regu-
lar reflected light from the diffraction grating is effec-
tively prevented from becoming a flare light and enter-
ing detecting means, thereby preventing a reduction in
the S/N ratio of the output signal of the detecting
means and enabling highly accurate measurement to be

accomplished.

BRIEF DESCRIPTION OF THE DRAWINGS

FIGS. 1A and 1B schematically show the essential
portions of a first embodiment of the present invention.
FIG. 2 illustrates the optical path of FIGS. 1A and

1B.

FIGS. 3A and 3B schematically show the essential
portions of a second embodiment of the present inven-
tion.

FIG. 4 is a schematic view of the essential portions
for the comparison with FIG. 1A.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

FIG. 1A is a schematic view of the optical system of
a first embodiment of the encoder of the present inven-
tion.

In FIG. 1A, the reference numeral 1 designates a
laser which produces a coherent light beam and which
may preferably be, for example, a semiconductor laser.
The reference numeral 2 denotes a collimator lens, and
the reference numeral 3 designates a diffraction grating
of grating pitch d mounted on a moving object, not
shown, and moving at a velocity V, for example, in the
direction of arrow A. Here, the moving object 1s a
movable object connected to the driving output portion
of a drive source such as a motor, or an object such as
a moving stage, and effects rotational movement in the
case of a rotary encoder, and effects rectilinear move-
ment in the case of a linear encoder. In terms of the
system, a construction having a control circuit for feed-
ing back the output of the encoder and controlling the
driving of the aforementioned drive source is popular.

The reference numeral 4 designates a polarizing beam
splitter, the reference characters Sa, §5 and 3¢ denote
quarter wavelength plates, and the reference characters
6a and 6b designate reflecting mirrors which are set at
an angle in predetermined directions as will be de-
scribed later.

The reference numeral 7 denotes an index gradient
type optical member of the end surface imaging type
having reflecting film 8 applied to one end thereof. The
optical member 7 and the reflecting film 8 together
constitute a condensing system 20. This condensing
system 20 forms a so-called cat’s-eye optical system in
which the direction of incidence and the direction of
reflection are substantially identical to each other. A
corner cube may be used as the optical system 20.

The reference numeral 9 designates a beam splitter,
and the reference characters 10a and 106 denote polar-
izing plates whose polarization axes are orthogonal to
each other and are further disposed so as to form an
angle of 45° with respect to the polarization axes of the
quarter wavelength plates 5a and 5b. The reference
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characters 11a and 115 designate light receiving ele-
ments. _,

Before a description is provided of the arrangement
of the two reflecting mirrors 6a and 66 which character-

ize the present invention, the measurement principle of 5

the encoder of the present invention will now be de-
scribed. |

In the present embodiment, the coherent hight beam
from the laser 1 is substantially collimated by the colli-
mator lens 2, is caused to enter the polarizing beam
splitter 4 and 1s divided into two light beams, 1.e., a
rectilinearly polarized transmitted light beam and a
rectilinearly polarized reflected light beam. The
mounted position of the laser 1 is adjusted so that at this
time, the azimuth of the rectilinear polarization of the
emitted light beam from the laser 1 may be 45° with
respect to the polanizing beam splitter 4. Thus, the 1n-
tensity ratio between the transmitted light beam and the
reflected light beam from the polarizing beam splitter 4
may become approximately 1:1.

The reflected light beam and the transmitted light
beam from the polanizing beam splitter 4 are made into
circularly polarized lights through the quarter wave-
length plates 8¢ and §b4, and when they are reflected by
the reflecting mirrors 6a and 65 so as to enter the dif-
fraction grating 3, they are caused to enter the diffrac-
tton grating so that the mth-order diffracted light from
the diffraction grating 3 which is the object may emerge
from the diffraction grating 3 at a predetermined angle
€. .-

The mth-order diffracted light which has emerged
from the diffraction grating 3 at the predetermined
angle ts caused to enter the optical member 7. The re-
flecting film 8 1s applied to the vicinity of the focal plane
of the optical member 7 and therefore, the light beam
which has entered the optical member 7 is reflected by
the reflecting film 8, whereafter it returns along the
original optical path and emerges from the optical mem-
ber 7, and again enters the same emergence position on
the diffraction grating 3.

The mth-order re-diffracted light again diffracted by
the diffraction grating 3 returns along the original opti-
cal path, 1s reflected by the reflecting mirrors 6a and 64,
passes through the quarter wavelength plates Sa and 5b
and re-enters the polarizing beam splitter 4.

By this time, the diffracted light has reciprocated
through the quarter wavelength plates Sa and $4 and
therefore, the light beam reflected at first by the polariz-
ing beam splitter 4 differs by 90° in polarization azimuth
relative to the polarizing beam splitter 4 when it re-
enters the polarizing beam splitter 4 and thus, it is trans-
mitted through the polarizing beam splitter 4. Con-
versely, the light beam transmitted at first through the
polarizing beam splitter 4 is reflected when it re-enters
the polanizing beam splitter 4. .

Thus, the two diffracted lights are made to overlap
with each other by the polarizing beam splitter and the
overlapping light i1s passed through the guarter wave-
length plate 5S¢, whereafter it is made into a circularly
polarized light and is divided into two light beams by
the beam splitter 9, and the two light beams are passed
through the polanzing plates 10a and 106, respectively,
whereafter they are made into rectilinearly polarized
lights and are caused to enter the light receiving ele-
ments 11g and 115.

In the present embodiment, the phase of the mth-
order diffracted light is varied by 2 m7 when the dif-

fraction grating 1s moved by one pitch. Accordingly,
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the light receiving elements 11a and 114 receive the
interference light of the light beam subjected twice to
the positive and negative mth-order diffractions and
therefore, when the diffraction grating 1s displaced by
an amount corresponding to one pitch of the grating,
there are obtained 4 m sine wave signals.

Assuming that for example, the pitch of the diffrac-
tion grating is 1.6 um and the lst-order (m==1) is uti-
lized as diffracted light, when the diffraction grating 3 is
displaced by 1.6 um, there are obtained four sine wave
signals from the light receiving elements 11ag and 114.
That is, 4 of the pitch of the diffraction grating 3, i.e.,
1.6/4=0.4 um, is obtained as the resolving power per
one sine wave.

Also, the design is made such that a phase difference
of 90° is provided between the output signals from the
light receiving elements 11¢ and 115 by a combination
of the quarter wavelength plates Sa, 5b, Sc and the po-
larizing plates 10a, 106 so that the direction of displace-
ment of the diffraction grating 3 can also be discrimi-
nated. If only the amount of displacement is to be mea-
sured, one light receiving element may suffice and the
quarter wavelength plate 5¢ and the beam splitter 9 will
be unnecessary.

The arrangement of the two reflecting mirrors 6a and
60 1n the present embodiment will now be described.

In the present embodiment, the two reflecting mir-
rors 6a and 65 are inclined so that the plane of incidence
of a coherent light beam onto the diffraction grating 3 (a
plane containing the direction of arrangement of the
gratings of the diffraction grating and the incident light
beam) and a reference plane formed by the direction of
arrangement of the gratings of the diffraction grating
and a direction normal to the surface of the diffraction
grating may form a predetermined angle e therebe-
tween.

FIG. 1B 1s anillustration when FIG. 1A 1s seen in the
direction of arrow A.

As shown in FIG. 1B, the reflecting mirrors 6a and 65
are inclined so that the plane of incidence 101 formed by
two incident light beams reflected by the two reflecting
mirrors 6a and 6b and entering the diffraction grating 3
may form an angle € with respect to the reference plane
102 formed by the direction of arrangement of the grat-
ings of the diffraction grating 3 and the direction nor-
mal to the surface of the diffraction grating. The optical
member 7 1s disposed at a symmetrical position inclined
by an angle € on the side opposite to the plane of inci-
dence 101 with respect to the reference plane 102.

The difference between the prior art and the present
embodiment will now be considered.

If in the device of the present embodiment, the plane
of incidence 101 and the reference plane 102 are set so
as to be positioned on the same plane without being
inclined by the angle € as in the prior art, there will arise
a problem that a light beam as indicated by broken line
in FIG. 4, i.e, a regular reflected light (0-order re-
flected diffracted light) on the surface of the diffraction
grating 3, passes through each element and enters the
light receiving elements 11g and 115 and becomes a
flare light of great intensity and reduces the S/N ratio
of the output signals of the light receiving elements 11a
and 115.

If here, for example, an amplitude type grating whose
reflecting portion and non-reflecting portion are 1:1 is
utilized as the diffraction grating 3, the diffraction effi-
ciency of the O-order diffracted light is about 25% and
the diffraction efficiency of the 1st-order diffracted
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light is about 10%. Accordingly, of the light beam emit-

ted from the laser 1, the quantity of light of the == Ist-
order diffracted lights reciprocally diffracted by the
diffraction grating 3 and returning to the polarizing
beam splitter 4 is 100% X 10% X 10% = 1%, and in con- 5
trast, the quantity of light of the O-order reflected dif-
fracted light which is a regular reflected light beam 1s

100% X 25% =25%. Accordingly, even if a light 1sola-
tor is constructed by a combination of the polarizing
beam splitter 4 and the wavelength plates 5a and 56,
unless the extinction ratio is at least 1/25 or less, the
regular reflected light beam which is a flare light be-

comes greater than the =Ist-order diffracted light
beams, thus reducing the S/N ratio of the output signals
of the light receiving elements 11z and 114. To facilitate
the output signal processing by an electric circuit at the
subsequent stage, it is preferable that the extinction ratio
be of the order of 1/100 or less. However, it 1s very
difficult to achieve this by a combination of an ordinary
polarizing beam splitter and quarter wavelength plates.

In contrast, in the present embodiment, as previously
described, the two reflecting mirrors 6a and 60 are
inclined, whereby when the regular reflected light re-
flected by the surface of the diffraction grating 3 1s
reflected by the reflecting optical system 20 and returns
along the original optical path, it does not overlap with
the optical path of the =mth-order re-diffracted hights
so that it may not enter the light receiving elements 1la
and 11b.

FIG. 2 is an illustration showing the distance between
the diffraction grating 3 and the light recetving element
11 when the elements of FIG. 1 are developed. When as
shown in FIG. 2, the length of the optical path between
the diffraction grating 3 to the light receiving element
11 via the reflecting mirror 6, the polarizing beam split-
ter 4 and the beam splitter 9 is L and the length of the
optical path between the reflecting mirror 6 to the dif-
fraction grating 3 is | and the light receiving diameter of
the light receiving element 11 is 2R and the diameter of
the light beam is 2g, the inclination € of the incident 40
light beam onto the diffraction grating 3 is an angle of
tan— !I[(R+a)/(L+1)] or greater.

By this means the incidence of a flare light onto the
light receiving elements is effectively prevented.

When for example, L=65 mm and =20 mm and 435
2R =3 mm and 2a=3 mm, e=tan—!(3/90)=2 degrees
or greater

Another embodiment of the encoder of the present
invention will now be described.

FIG. 3A is a schematic view of the essential portions 50
of a second embodiment of the present invention, and
FIG. 3B is a schematic view taken in the direction of

arrow A in FIG. 3A.

In this embodiment, elements identical to those In
FIGS. 1A and 1B are given identical reference numer-
als. |

In the present embodiment, the reference numeral
designates a polarizing prism, and the reference charac-
ters 13a and 136 denote reflecting prisms secured to a
portion of the polarizing prism 12. The reference nu-
meral 14 designates a turn-back prism. |

The reflecting prisms 13a, 136 and the turnback prism
14 have a function similar to that of the two reflecting
mirrors 6a and 64 in the first embodiment of FIG. 1.

In the present embodiment, the light beam from the
laser 1 is substantially collimated by the collimator lens
2 and is caused to enter the polanzing prism 12. The
light beam which has entered the polarizing prism 12 1s
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reflected by a reflecting surface 12, whereafter 1t is’
divided into two light beams, 1.e., a reflected light beam
.1 and a transmitted light beam L2, by a polarized
beam dividing surface 120.

The light beams .1 and L.2 are reflected by a retlect-
ing surface 12¢ and reflecting surfaces 12a, 124, respec-
tively, are reflected by the reflecting prisms 13a¢ and
135, respectively, and then emerge therefrom, and are
transmitted through the quarter wavelength plates 3¢
and 5b, respectively, whereafter they are refracted by a
predetermined angle by the turn-back prism 14 and are
caused to enter the diffraction grating 3 at predeter-
mined angles. Then, a diffracted light of a predeter-
mined order diffracted by the diffraction grating 3 1s
caused to enter the diffraction grating 3 again through
the condensing system 20, and two re-diffracted lights
from the diffraction grating 3 are caused to overlap
with each other through the turn-back prism 14, the
reflecting prisms 13a, 135 and the polarizing prism 12,
whereafter as in the first embodiment, the overlapping
light is transmitted through the quarter wavelength
plate S¢, and is divided into two light beams by the beam
splitter 9, and the two light beams are passed through
the polarizing plates 10a and 105, whereafter they are:
received by the light receiving elements 11a and 115,
respectively.

In the present embodiment, the reflecting prisms 13a
and 135 are slightly inclined to vary the angles of the
reflecting surfaces thereof slightly from 45°, thereby
causing the light beams to obliquely enter the diffrac-
tion grating 3, as shown in FIG. 3B, and obtaining an
effect similar to that of the first embodiment of FIG. 1.

In the present invention, the method of inclining the
coherent light beam by a predetermined angle and caus-
ing it to enter the diffraction grating and the method of

- forming interference fringes are not limited to the forms

of the above-described embodiments, but a variety of
methods may be used.

As described above, according to the present inven-
tion, there can be realized an encoder in which as previ-
ously described, elements are set so that the plane of
incidence of the light beam onto the diffraction grating
and the reference plane formed by the direction of ar-
rangement of the gratings of the diffraction grating and
the direction normal to the surface of the diffraction
grating may be inclined by a predetermined angle,
whereby the regular reflected light from the diffraction
grating can be effectively prevented from entering the
light receiving elements and output signals of a high
S/N ratio from the light receiving elements can be
obtained to thereby enable highly accurate measure-
ment to be accomplished.

We claim:

1. An encoder having:

light applying means for applying a light beam from

a light source to a diffracting grating from a prede-
termined direction which is not contained in a
reference plane defined by the direction of relative
movement of the diffracting grating and by a direc-
tion normal to the diffracting grating;

re-entering means having reflecting means, said re-

flecting means being located so as to reflect a dif-
fracted light of predetermined order except for the
0-th order generated by the application of the light
beam by said light applying means to the diffract-
ing grating, and for causing the reflected light to
re-enter the diffracting grating at substantially the
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same position as the position at which the dif-
fracted light 1s generated;
interfering means for combining and interfering dif-
fracted, reflected, and re-diffracted light diffracted
by the diffracting grating, reflected by said reflect-
ing means to re-enter the diffracting grating and
re-diffracted by the diffracting grating with an-
other light beam from the hight source; and

detecting means for detecting light and having a light
detector located at a position capable of receiving
the interfered light created by said interfering
means and not receiving the O-th order light,
whereby information of the relative movement of
the hght beam and the diffracting grating can be
obtained on the basis of an output of said detecting
means.

2. An encoder according to claim 1, wherein said
re-entering means is disposed so that the direction of
said reflected light may be substantially symmetrical
with said predetermined direction with respect to said
reference plane, and causes the reflected light to re-
enter substantially the same position as the position at
which said diffracted light i1s generated.

3. An encoder according to claim 2, wherein said
re-entering means forms a cat’s-eye optical system 1in
which the direction of incidence onto said re-entering
means and the direction of reflection from said re-enter-
ing means are substantially identical to each other.

4. An encoder according to claim 1, wherein said
light applyming means includes the light source for pro-
ducing the light beam.

S. An encoder according to claim 4, wherein said
light source 1s a semiconductor laser.

6. An encoder according to claim 1, wherein said
detecting means includes a plurality of photodetector
elements, and said encoder detects the information of
the direction of movement of said diffraction grating as
well as the information of the amount of displacement
of said diffraction grating.

7. An encoder according to claim 1, wherein said
encoder 1s a rotary encoder and wherein the diffraction
grating is formed along the direction of rotation of a
rotational object, and said detecting means obtains the
information of the amount of rotation of the diffraction
grating.

8. An encoder according to claim 1, further having a
light divider for dividing the light beam into a plurality
of light beams and wherein the plurality of light beams
obtained by said light divider are applied onto the dif-
fraction grating, and an interference light formed by a
plurality of diffracted lights of different orders emerg-
ing from the diffraction grating 1s detected by said de-
tecting means.

9. An encoder according to claim 8, wherein said
plurality of diffracted lights of different orders are
+ Ist-order diffracted lights. ‘

10. An encoder according to claim 8, wherein said
plurality of light beams are applied to one and the same
location on the diffraction grating.

11. An encoder according to claim 10, further having
a reflecting mirror for reflecting and directing said
plurality of light beams to one and the same location on
the diffraction grating.

12. An encoder having:

light applying means having an optical divider for

dividing a light beam into a plurality of light beams
and applying the divided respective light beams to
a diffracting grating from a predetermined direc-
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tion which is not contained in a reference plane
defined by the direction of relative movement of
the diffracting grating and by a direction normal to
the diffracting grating;
re-entering means having reflecting means, said re-
flecting means being located so as to reflect dif-
fracted light beams of predetermined order except
for the O-th order, generated by the application of
the respective light beams by said light applying
means to the diffracting grating, and for causing
the reflected light beams to re-enter the diffracting
grating at substantially th same position as the posi-
tion at which the diffracted light 1s generated;

interfering means for combining and interfering, with
said optical divider, diffracted, reflected, and re-
diffracted light beams diffracted by the diffracting
grating, reflected by said reflecting means to re-
enter the diffracting grating and re-diffracted by
the diffracting grating with each other; and

detecting means for detecting light having a light
detector located at a position capable of receiving
the interfered light created by said interfering
means and not receiving the O-th order lght,
whereby information of the relative movement of
the light beam and the diffracting grating can be
obtained on the basis of an output of said detecting
means.

13. An encoder according to claim 12, wherein said
re-entering means 1s disposed so that the direction of
said reflected light may be substantially symmetrical
with said predetermined direction with respect to satd
reference plane, and causes the reflected light to re-
enter substantially the same position as the position at
which said diffracted light i1s generated.

14. An encoder according to claim 13, wherein said
re-entering means forms a cat’s-eye optical system in
which the direction of incidence onto said re-entering
means and the direction of reflection from said re-enter-
ing means are substantially identical to each other.

15. An encoder according to claim 12, wherein said
light applying means includes the light source for pro-
ducing the light beam.

16. An encoder according to claim 15, wherein said
light source is a semiconductor laser.

17. An encoder according to claim 12, wherein said
detecting means includes a plurality of photodetector
elements, and said encoder detects the information of
the direction of movement of the diffraction grating as
well as the information of the amount of displacement
of the diffraction grating.

18. An encoder according to claim 12, wherein said
encoder is a rotary encoder and wherein the diffraction
grating is formed along the direction of rotation of a
rotational object, and said detecting means obtains the
information of the amount of rotation of the diffraction
grating. |

19. An encoder according to claim 12, wherein a

- plurality of light beams obtained by said light divider

65

are applied onto the diffraction grating, and an interfer-
ence light formed by a plurality of diffracted lights of
different orders emerging from the diffraction grating 1s
detected by said detecting means.

20. An encoder according to claim 19, wherein said
plurality of diffracted lights of different orders are
=+ Ist-order diffracted lights.

21. An encoder according to claim 19, wherein said
plurality of light beams are applied to one and the same
location on the diffraction grating.
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22. An encoder according to claim 21, further having
a reflecting mirror for reflecting and directing said
plurality of light beams to one and the same location on
the diffraction grating.
23. A driving system including an encoder, said driv-
Ing system having:
driving means;
an encoder for detecting the driving state of said
driving means; and
‘control means for controlling the driving of said driv-
ing means on the basis of the output of said en-

coder;
said encoder comprising:

a diffracting grating formed on a movable portion
of said driving system connected to a driving
output portion of said driving means;

light applying means for applying a hght beam
from a light source to said diffracting grating
from a predetermined direction which 1s not
contained in a reference plane defined by the
direction of relative movement of said diffract-
ing grating and by a direction normal to said
diffracting grating;

re-entering means having reflecting means, said
reflecting means being located so as to reflect a
diffracted light of predetermined order except
for the O-th order generated by said application
of the light beam by said light applying means to
said diffracting grating, and for causing the re-
flected light to re-enter said diffracting grating at
substantially the same position as the position at
which the diffracted light is generated;

interfering means for combining and interfering
diffracted, reflected, and re-diffracted light dif-
fracted by said diffracting grating, reflected by
said reflecting means to re-enter said diffracting
grating and re-diffracted by said diffracting grat-
ing, with another light beam from the light
source; and

detecting means for detecting light, having a light
detector located at a position capable of receiv-
ing the interfered light created by said interfer-
ing means and not receiving the 0-th order light,
whereby information of the relative movement

of the light beam and said diffracting grating
being obtained on the basis of an output of said
detecting means.

24. A driving system according to claim 23, wherein
said re-entering means is disposed so that the direction
of said reflected light may be substantially symmetrical
with said predetermined direction with respect to said
reference plane, and causes said reflected light to re-
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enter substantially the same position as the position at
which said diffracted light is created.

25. A driving system including an encoder, said driv-
ing system comprising:

driving means;

an encoder for detecting th driving state of said driv-

ing means; and

control means for controlling the driving of said driv-

ing means on the basis of the output of said en-

coder;

said encoder comprising:

a diffracting grating formed on a movable portion
of said system connected to a driving output
portion of said driving means;

light applying means having a light divider for
dividing a light beam into a plurality of light
beams and applying the divided respective hight
beams to said diffracting grating from a predeter-
mined direction which is not contained in a refer-
ence plane defined by the direction of relative
movement of the said diffracting grating and by
a direction normal to said diffracting grating;

re-entering means having a reflecting means, said
reflecting means being located so as to reflect
diffracted light beams of predetermined order
except for the O-th order generated by the appli-
cation of the light beams by said light applying
means to said diffracting grating, and for causing
the reflected light to re-enter said diffracting
grating at substantially the same position as the
position at which the diffracted light 1s gener-
ated;

interfering means for combining and interfering,
with said optical divider, diffracted, reflected,
and re-diffracted light beams diffracted by said
diffracting grating, reflected by said reflecting
means to re-enter said diffracting grating and
re-diffracted by said diffracting grating with
each other; and

detecting means for detecting light and having a
light detector located at a position capable of
receiving the interfered light created by said
interfering means and not receiving the O-th
order light, whereby information of the relative
movement of the light beam and said diffracting
grating can be obtained on the basis of an output
of said detecting means.

26. A driving system according to claim 25, wherein
said re-entering means is disposed so that the direction
of said reflected light may be substantially symmetrical
with said predetermined direction with respect to said
reference plane, and causes the reflected light to re-
enter substantially th same position as the position at

which said diffracted light is created.
* X » ¥ L
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